Objective: This randomized controlled trial investigated the effects of upper-and lower-limb aerobic exercise training on disease-specific functional status and generic health-related quality of life (QOL) in patients with intermittent claudication. Methods: The study recruited 104 patients (mean age, 68 years; range, 50-85) from the Sheffield Vascular Institute. Patients were randomly allocated to groups that received upper-limb (ULG) or lower-limb (LLG) aerobic exercise training, or to a nonexercise control group. Exercise was performed twice weekly for 24 weeks at equivalent limb-specific relative exercise intensities. Main outcome measures were scores on the Walking Impairment Questionnaire (WIQ) for disease-specific functional status, the Medical Outcomes Study Short Form version 2 (SF-36v2), and European Quality of Life Visual Analog Scale (EQ-VAS) for health-related QOL. Outcomes were assessed at baseline, and at 6, 24, 48, and 72 weeks. Results: After 6 weeks, improvements in the perceived severity of claudication (P ‫؍‬ .023) and stair climbing ability (P ‫؍‬ .011) vs controls were observed in the ULG, and an improvement in the general health domain of the SF-36v2 vs controls was observed in the LLG (P ‫؍‬ .010). After 24 weeks, all four WIQ domains were improved in the ULG vs controls (P < .05), and three of the four WIQ domains were improved in the LLG (P < .05). After 24 to 72 weeks of follow-up, more consistent changes in generic health-related QOL domains were apparent in the ULG. Conclusions: These findings support the use of alternative, relatively pain-free forms of exercise in the clinical management of patients with intermittent claudication. ( J Vasc Surg 2011;53:1265-73.)
Intermittent claudication is a chronic disabling condition in the elderly that can lead to a significant impairment in heath-related quality of life (QOL). Population surveys have reported an approximate prevalence of 5% in those aged between 55 and 74 years. 1, 2 However, the prevalence of asymptomatic peripheral arterial disease (potentially causing disruption to lower-limb blood flow) is reported to progressively increase from 3% at Ͻ60 years of age to Ͼ20% in those aged Ն75 years. 3 Although health-related QOL decrements in patients with intermittent claudication are primarily related to physical limitations and pain, [4] [5] [6] they can also include reductions in social, emotional, and mental well-being. [7] [8] [9] Lower-limb exercise, such as walking, has consistently been shown to improve pain-free and maximum walking distances 10 and can lead to improvements in diseasespecific and generic health-related QOL domains. [11] [12] [13] [14] [15] [16] However, a significant proportion of patients refrain from engaging in walking exercise, 17 and evidence suggests that self-reported walking ability declines at a rate of 9.2 yards (8.41 meters) per year. 18 The degree of ischemic pain evoked by walking probably deters some patients from engaging in physical activity, and this could contribute to subsequent disability and the enhanced risk of cardiovascular morbidity and mortality that is observed in this patient group. 19 Alternative exercise strategies that can reduce or prevent the ischemic pain that is associated with lower-limb weight-bearing exercise, such as walking, could help to overcome the barriers to conventional forms of exercise rehabilitation in these patients. Upper-limb aerobic exercise training (arm-cranking exercise) avoids the ischemic pain experienced during lower-limb exertion 20 and evokes similar improvements in walking performance in claudicants as that induced by lower-limb cycle ergometry exercise. 21, 22 However, the relative effect of body weightsupported upper-limb and lower-limb aerobic exercise training on disease-specific and generic health-related QOL outcomes has not previously been investigated.
Hence, the aim of this study was to compare the relative effects of a 6-month program of body weightsupported upper-limb and lower-limb aerobic exercise training on patients' perceptions of disease-specific functional status and generic health-related QOL. Because course of changes over time in these health outcomes during exercise rehabilitation is poorly understood, both the short-term (6 weeks) and longer-term (up to 72 weeks of follow-up) effects of exercise rehabilitation were studied. To our knowledge, this is the first study to report longer-term changes in disease-specific and generic QOL outcomes after upper-limb and lower-limb aerobic exercise rehabilitation in patients with symptomatic peripheral arterial disease.
METHODS
The North Sheffield Local Research Ethics Committee approved this study. All patients gave their informed consent before entering the study.
Patient recruitment. A total of 537 patients with intermittent claudication attending the Sheffield Vascular Institute at the Northern General Hospital, Sheffield, United Kingdom, were approached, of whom 130 agreed to attend prescreening. Of these, 104 patients (81 men, 23 women) with a mean age of 68 years (range, 50-85) years were randomized (Fig 1) .
The clinical diagnosis of peripheral arterial disease was established using the patient's history and a physical examination and was confirmed by the Doppler assessment of ankle-brachial pressure index (ABPI, Ͻ0.9). The study excluded patients who had experienced symptoms for Ͻ12 months, had undergone a revascularization procedure Յ12 No patients were taking medication for claudication during the course of this study, but patients taking longterm medication continued with their treatment. Most patients were taking statins and aspirin in accordance with guidelines for patients with intermittent claudication. Some patients were also taking ␤-blockers, angiotensinconverting enzyme inhibitors, calcium-channel blockers, nitrates, diuretics, or warfarin. Medication was generally well balanced across the groups.
Patient randomization. A fishbowl technique was used to randomly assign patients to groups that received upper-limb (ULG; n ϭ 34) or lower-limb (LLG; n ϭ 37) aerobic exercise training, or to a nonexercise control group (n ϭ 33). Randomization was undertaken by a member of the research team (A.G.P.), who was located at a different site and was not directly involved in the recruitment or assessment of patients. The randomization sequence was not disclosed to the researcher who was responsible for the day-to-day running of the trial (I.Z.) until patients had completed their baseline assessments. Baseline demographic characteristics of the three groups are presented in Table I .
Exercise interventions. Patients in the exercise groups performed twice-weekly supervised exercise training at equivalent relative exercise intensities (85% to 90% of the limb-specific peak oxygen consumption) for 24 weeks, using an arm-cranking or leg-cycling ergometer (881E arm crank and 824E cycle ergometer, Monark, Varberg, Sweden). The frequency of exercise training was based on pilot work with the patients and a frequency that was likely to result in good compliance. In practice, a very flexible ap-proach was needed to ensure that patients attended both weekly sessions.
Patients exercised in cycles of 2 minutes of exercise at a crank rate of 50 rpm, followed by 2 minutes of rest for a total exercise time of 20 minutes in a 40-minute session. Incremental arm-cranking and leg-cranking tests to maximum exercise tolerance were performed during weeks 6, 12, and 18 of the intervention so that the respective upperlimb and lower-limb exercise intensities could be adjusted to ensure progression of the exercise stimulus. Heart rate and pulmonary gas exchange variables (PulmoLab EX670, Morgan Medical, Kent, UK) were continuously monitored during these assessments, and perceived exertion was assessed during each increment using the Borg Ratings of Perceived Exertion scale. 23 Outcome measures. Walking performance, diseasespecific functional status, and health-related QOL were assessed at baseline and after 6, 24, 48, and 72 weeks of followup. Questionnaire outcomes were self-administered, and responses were checked for completeness by the researcher (I.Z.) in the presence of the patient. Assessment procedures were checked for consistency at random by the lead investigator at Sheffield Hallam University (J.M.S.), who was blinded to group assignment.
Walking performance. Walking performance was assessed using an incremental shuttle-walk test, as described previously. 21 This can be used in the clinical setting, without the need for an expensive programmable treadmill, to assess walking performance. It exhibits similar test-retest reliability as treadmill testing, evokes a lower level of cardiovascular stress, and is preferred to treadmill testing by a large proportion of patients. 24 Briefly, patients walked back and forth between two cones placed 10 meters apart on a flat floor. Walking speed was controlled by bleeps recorded onto an audiotape. The distance walked before the onset of claudication pain (claudication distance) and the maximum walking distance (MWD), which was achieved before the test was terminated due to intolerable claudication pain, were calculated. Disease-specific functional status. The Walking Impairment Questionnaire (WIQ) is a disease-specific questionnaire that asks a series of questions regarding a patient's self-reported claudication severity and ability to walk defined distances and speeds, in addition to perceived stair climbing ability. 25 A score of 0% represents very severe claudication pain or very poor ability in relation to the domains of walking distance, walking speed, and stair climbing, and a score of 100% represents no claudication pain and high physical ability in relation to the three other domains. The WIQ distance and speed scores correlate with treadmill walking performance and are responsive to exercise training in patients with intermittent claudication. 12, 13, 26 Generic health-related QOL assessment. Generic health-related QOL was assessed using the British version of the Medical Outcomes Study Short-Form (SF-36v2) 27 and the second part of the European Quality of Life (Euro-Qol) Visual Analog Scale instrument (EQ-VAS). 28 The SF-36v2 contains 36 questions covering eight health domains. The score for each response was coded and transformed to Sample size calculation. The primary outcome variable for the calculation of sample size was walking performance, as defined by the MWD. In a preliminary study, MWD increased from a mean baseline level of 289 Ϯ 127 to 427 Ϯ 219 meters after a 6-week period of upper-limb aerobic exercise training. 21 The improvement in MWD was accompanied by significant improvements in the physical functioning and role limitation-physical quality QOL domains. On the basis of these data, and taking into account an expected patient dropout of 30% over a 6-month intervention period, recruitment of 35 patients for each group yielded an 80% power to detect a meaningful improvement in MWD at the ␣ ϭ 0.05 level.
Statistical methods. Intention-to-treat analysis was used to compare patients in the groups to which they were randomly assigned, with data being carried over from previous visits in cases of patient withdrawal. Changes in the dependent variables (MWD, WIQ, SF-36v2 and EQ-VAS) over time within groups and differences between groups at the same time points were evaluated using repeated-measures analysis of variance with corresponding post hoc Bonferroni corrected t tests. Data distributions were relatively asym- metric for some variables at different time points, hence bootstrapping with 1000 replicates was performed. The results based on the normality assumption were reliable, with the exception of claudication distance. Data were analyzed blindly by a statistician (M.B.) who was not involved in the day-to-day running of the trial using Stata 9 software (StataCorp LP, College Station, Tex) are reported as mean values Ϯ standard error or mean differences between the exercise groups and controls, with 95% confidence intervals (CIs). Statistical significance was assumed at P Ͻ .05.
RESULTS
Baseline characteristics of the study groups, patient compliance, and attrition. The study groups were well matched on demographic, walking performance, WIQ, and generic health-related QOL variables at baseline (Tables I  and II ). Compliance to the supervised upper-limb and lower-limb exercise sessions was excellent (about 99%), and this was achieved by offering a flexible weekly exercise schedule. Of the 104 patients randomized, 3 withdrew before the 6-week assessment, 7 patients withdrew before the end of the 24-week intervention, and 15 patients withdrew during the 48-to 72-week follow-up period (Fig 1) . No serious adverse events related to the assessments or exercise training were reported.
Walking performance. Similar improvements in walking performance were observed in the two exercising groups at all follow-up evaluations. The mean difference in MWD (in meters) between the exercising groups and controls at 6 weeks was 54.03 (95% CI, 36.07-71.98) for the ULG and 53.81 (95% CI, 31.21-76.40 m) for the LLG, and at 24 weeks was 94.72 (95% CI, 69.85-119.58) for the ULG and 113.89 (95% CI: 83.28-144.50) for the LLG (all P Ͻ .001; Fig 2) . At 48 and 72 weeks, the improvements in MWD in the exercising patients vs control group were maintained (P Ͻ .001; Fig 2) . There was no difference between the improvements in the ULG and LLG at any time point. A sustained improvement in claudication distance was also observed in exercising patients vs the controls (Table III) . No change in the ankle-brachial pressure index was apparent in either exercise group (data not shown).
Short-term effects of exercise on patient-assessed health outcomes (6 weeks). Improvements in perceived claudication severity (P ϭ .02) and stair climbing ability (P ϭ .01) vs the controls only occurred in the ULG after 6 weeks (Fig 3) . An improvement in the general health domain of the SF-36v2 was also observed in the LLG compared with the controls (Table IV) . No other differences were observed in any of the WIQ, SF-36v2 or EQ-VAS domains after 6 weeks of the intervention.
The longer-term effects of exercise on patient-assessed health outcomes (24 weeks). Improvements in the severity of claudication pain, walking speed, and stair climbing ability in relation to controls were observed in both exercise groups at 24 weeks (P Յ .05; Fig 3) . An improvement in the walking distance domain of the WIQ was also observed in the ULG vs controls (P ϭ .01). In the ULG, elevated levels of the physical function, bodily pain, general health, vitality, and mental health domains of the SF-36v2 vs controls were also observed (Table IV) .
A trend for improvement in the EQ-VAS vs controls was observed in the ULG at 24 weeks, with a mean difference between ULG and controls of 6.13 (95% CI, -0.32 to 12.58; P ϭ .06). In the LLG, higher levels of the general health and vitality domains of the SF-36v2 vs controls were apparent, and there was a trend for an improvement in EQ-VAS, with a mean difference between LLG and controls of 4.69 (95% CI, -0.97 to 10.34; P ϭ .10). At 48 to 72 weeks of follow-up, the improvements in perceptions of walking distance were better maintained in the ULG than in the LLG. The improvements in walking speed and stair climbing ability were similarly maintained in both exercising groups (Fig 3) .
Sustained improvements in SF-36v2 domains were also observed during the longer-term follow-up period, although these did not always reach statistical significance (Table IV) . Higher EQ-VAS scores (mean difference, 7.85-8.46; P Յ .03) in both exercising groups vs controls were observed at 48 to 72 weeks.
DISCUSSION
This study investigated the short-term and longer-term effects of body weight-supported upper-limb and lower-limb aerobic exercise training on self-perceived disease-specific functional status and generic health-related QOL in patients with intermittent claudication. We observed excellent compliance with both exercise regimens, though our recruitment rate of about 20% might be a reflection of a highly motivated cohort, with implications for the external validity of our findings. Common reasons given for nonparticipation in the trial included a reluctance of patients to agree to the 6-month time commitment, no guarantee of a positive outcome, living too far away from the center and/or transport difficulties, and lack of financial reimbursement for participation. It is unclear how many of the nonparticipating patients engaged in an unsupervised exercise program.
As reported previously, upper-limb aerobic exercise training evoked a similar improvement in walking perfor-mance and lower-limb peak oxygen consumption as did lower-limb aerobic exercise training. 21, 22 Central and systemic cardiovascular adaptations (rather than localized skeletal muscle metabolic adaptations) are likely to have underpinned the improvements in walking performance in the upper-limb exercisers. 22, 30 Although the intensity of exercise was precisely controlled on the basis of limbspecific peak oxygen consumption, in practice, exercise intensities of 12 to 14 ("somewhat hard") on the Borg Ratings of Perceived Exertion scale 23 are sufficient to evoke such improvements. It is likely that such a supervised exercise regimen could be implemented inexpensively, taking into account the costs of the arm-cranking devices and the time of an exercise specialist or physical therapist. Further studies are needed to evaluate the relative effect and costeffectiveness of unsupervised programs.
A full understanding of the health benefits resulting from exercise rehabilitation cannot be gleaned exclusively from objective laboratory testing, and patient-centered health outcomes are also needed to assess the effect on daily physical functioning and health-related QOL. Scores for the WIQ domains were similar to those reported previously for patients with intermittent claudication 12, 26, 29, 31 ; however, baseline scores for the SF-36v2 domains of physical function, bodily pain, and general health were lower for our patient cohort compared with published population norms for people without intermittent claudication. 32 Scores for all the other domains were comparable with normative data.
Short-term changes (Ͻ12 weeks) in health-related quality QOL domains during programs of exercise training have not been extensively studied in this patient population. However, this could provide important information about the efficacy of such treatment interventions because early improvements might influence patient adherence to exercise rehabilitation. Improvements in the WIQ domains of claudication severity and stair climbing ability were observed in the ULG in relation to controls. However, no changes were noted in the LLG, in which improvements were limited to the general health domain of the SF-36v2.
Although it is difficult to explain the different short-term responses in the two exercise groups, some patients can exercise at relatively higher aerobic intensities during upperlimb aerobic exercise, 20 which could act as a more potent stimulus for cardiovascular adaptations.
We have recently shown that upper-limb aerobic exercise training evokes cardiovascular adaptations that enhance lower-limb oxygen delivery during submaximal walking exercise in claudicants. 33 Also, stair climbing is an activity that often uses the arms for stability, and this might account for the observed improvement in perceived stair climbing ability in the ULG.
Only one previous study has investigated changes in SF-36 QOL domains after a 6-week program of similar arm-cranking and leg-cranking exercise training in claudicants. 21 In this study, improvements in the physical functioning and role (limitation)-physical domains were accompanied by more pronounced changes in walking performance. This might account for the difference in results between studies.
After 24 weeks, improvements in disease-specific functional status, as indicated by the WIQ, were observed in both exercising groups but with more pronounced changes observed for perceived walking distance in the ULG. The observed improvements in WIQ domains were similar to those that have previously reported for claudication severity, distance, and speed after programs of treadmill walking exercise lasting 12 to 24 weeks in some studies. 11, 12, 34 This shows that alternative, relatively pain-free exercise modalities such as arm-cranking can evoke improvements in perceived lower-limb functional status that are comparable to the changes observed after programs of more painful lowerlimb weight-bearing exercise.
After 24 weeks, more consistent and pronounced changes in SF-36v2 generic health-related QOL domains were also observed in the ULG. Upper-limb aerobic exercise evoked improvements in the physical function, bodily pain, general health, vitality, and mental health domains of the SF-36v2, whereas improvements were limited to the physical function and general health domains in the LLG. Positive changes in the physical functioning [12] [13] [14] [15] [16] and bodily pain 15, 16 domains of generic QOL instruments have been reported previously after programs of lower-limb exercise training in claudicants, whereas increases in the mental health domains are not usually apparent. 13, 14, 35 An interesting finding was that at 24 to 72 weeks of follow-up, the observed improvements in disease-specific and generic health-related QOL outcomes were generally maintained in both exercising groups. Equivalent increases in objective measures of walking performance were also observed, which makes it unlikely that the more consistent and pronounced generic health benefits of upper-limb ex-ercise training were exclusively influenced by changes in walking ability. Previous research has shown that healthrelated QOL is only partially determined by ambulatory dysfunction in claudicants 36 and that impairments in mental and emotional well-being in this patient group are not related to the severity of claudication. 7, 8 In addition, comorbid conditions such as hypertension, angina, hypercholesterolemia, diabetes, osteoarthritis, and pulmonary disease, all of which are common in claudicants, 17 significantly affect most aspects of QOL. 36 Hence, exercise training modalities that can significantly affect central and systemic cardiovascular function or that can help to alleviate the burden of concomitant disease(s) could have a strong bearing on perceived health-related QOL.
Furthermore, evidence suggests that arm-cranking exercise provides a more effective stimulus than comparable lower-limb exercise training for evoking systemic antiinflammatory adaptations in patients with intermittent claudication, 37 and this could have a positive effect on cardiovascular morbidity and mortality. 38 Improvements in upper-body strength and endurance evoked by arm-cranking exercise could also significantly affect the execution of normal daily activities, hence reflecting positively in a wider range of generic health-related QOL domains.
CONCLUSIONS
Improvements in patient perceptions of disease-specific functional status and generic health-related QOL domains were observed after both the upper-limb and lower-limb exercise training regimens. After 6 weeks of exercise training, limited changes were apparent, and after 24 to 72 weeks of follow-up, improvements were more pronounced in the ULG. Both forms of exercise training were well tolerated; however, because upper-limb exercise training avoids the ischemic pain that is experienced during lower-limb exertion, 20 it could be used in the early stages of an exercise rehabilitation program until patients feel more able and confident to engage in lower-limb exercise. It might also be a preferred exercise option for patients with increased disease severity. Contraindications to this form of exercise training include painful upper-limb arthritis and other musculoskeletal conditions affecting the arms or grip strength.
Nevertheless, the more pronounced changes in patientcentered physical and mental health outcomes after armcranking exercise training, together with previously reported evidence of improved functional status and systemic anti-inflammatory adaptations, 21,30,37 provide further support for the role of alternative relatively pain-free forms of exercise training in the clinical management of patients with symptomatic peripheral arterial disease. 
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